Abstract Granulocytic sarcoma is a rare hematological neoplasm which is often misdiagnosed. We report two patients of primary granulocytic sarcoma, one at meninges who was diagnosed radiologically as meningioma and on histopathology as langerhans cell histiocytosis. The second patient presented with an ulcerated chest wall swelling, who on histopathology revealed malignant round cell tumour. Both the patients subsequently proved as primary granulocytic sarcoma on immunohistochemistry. These two cases are reported here due to their rarity.
Introduction
Granulocytic sarcoma (chloroma) a rare extra medullary tumor is composed of primitive granulocytic cells at an extramedullary site which may precede, be concomitant with or appear after diagnosis of leukemia [1] . The estimated incidence of granulocytic sarcoma is about 0.7 in one million children and 2 in one million adults [2] . In myeloid leukemia the incidence of granulocytic sarcoma is 5% in adults and 13% in children [3] . Granulocytic sarcoma may rarely occur without any preexisting acute leukemia, acute promyelocytic leukemia or myelodysplastic syndrome where it is called 'primary granulocytic sarcoma' [4] . Most cases of granulocytic sarcoma that occur in nonleukemic patients progress to leukemia within a year with a median survival of 22 months [4] . Their occurrence is more frequent in patients with M4 or M5 subtypes of AML. Commonly they occur around eyes but may occur at almost any site. Here we report two patients of granulocytic leukemia at two unusual sites who presented with diverse clinicoradiological features which was confirmed on immunohistochemistry for documentation due to their rarity.
Case Summary

Case 1
A 12 year old boy presented with the chief complaints of headache and pain in the left side of neck for 9 months, vomiting for 1 month and blurring of vision of left eye with swelling for 1 week. On physical examination his general condition was fair and he was conscious, cooperative. Higher mental functions were normal. There was proptosis and decreased visual acuity of left eye with bilateral papilledema. Function of all other cranial nerves was preserved, there was no sensorimotor deficit or cerebellar or meningeal signs. Gait was normal. Other systems did not reveal any abnormality. Contrast enhanced CT scan of brain revealed homogenously enhancing extra axial mass lesion of about 7 9 5 cm involving the left temporoparietal convexity with perifocal edema and mass effect with no evidence of calcification (Fig. 1) . With above clinicoradiological presentation, the patient was provisionally diagnosed to be a case of meningioma of left temporo parietal area of brain. Subsequently he was referred to department of neurosurgery where he underwent total tumor excision. His postoperative period was uneventful and there was complete resolution of symptoms. On gross or cut section the tumor appeared irregular grayish and firm. Histopathology showed sheets and large clusters of histiocytic cells having indented large vesicular nuclei with increased mitoses and occasional nuclear grooves suggestive of langerhans cell histiocytosis. However, the IHC was negative for LCA, CD20, CD1a and were positive for MPO, CD43 and CD117, suggestive of granulocytic sarcoma. Peripheral blood smear and bone marrow cytology showed normal pattern of cells and CSF cytology was also normal. Thereby a diagnosis of primary meningeal granulocytic sarcoma was made. The patient was subsequently treated with external beam radiotherapy of 30 Gy to whole brain followed by boosting to the primary site of 10 Gy. Furthermore, prophylactic systemic chemotherapy of (3 ? 7) regimen; i.e. combination of cytarabine and daunomycin was given to the patient. The patient received chemotherapy till the phase of consolidation and was lost for treatment after that. Bone marrow was also not involved as before even after consolidation phase of chemotherapy.
Case 2
A 70 year old male presented with productive cough for 1 year followed by swelling in the left anterior chest wall for 1 month. He was a diagnosed case of pulmonary tuberculosis and was on antitubercular drugs for past 8 months. On physical examination general condition was fair, pallor was mild and there were no palpable nodes in the neck or axilla. Clinical examination of respiratory system revealed diminution of breath sounds on left side. An irregular mass was present on the left anterior chest wall of size 6 9 4 cm with superficial skin ulceration and typical peau d'orange appearance (Fig. 2) . Other systemic examinations revealed no abnormality. CT scan of thorax showed irregular solid mass lesion in left paramediastinal region measuring about 4 9 4 cm along with a soft tissue mass on the left chest wall (Fig. 3) . Repeated fine needle aspiration of the chest wall mass showed an inflammatory smear while histopathology showed tumor cells in sheets with round to oval nuclei and eosinophilic cytoplasm. The nuclei showing moderate atypia, brisk mitoses suggestive of a malignant round cell tumor which could either be a plasma cell dyscrasia or a lymphoma with plasmacytic morphology. On IHC the tumor cells expressed MPO and CD43 and were immunonegative for CD20, CD3, CD138, kappa, lambda, cytokeratin, CD34, CD99, desmin and c-kit. Peripheral blood smear and bone marrow aspiration and cytology revealed a normal pattern of cells. CSF cytology was also normal. Thus, a diagnosis of granulocytic sarcoma of the mediastinum with involvement of the chest wall was made. The patient was offered the combination chemotherapy as treatment. But due to elderly age, his relatives were not willing for any definitive treatment and received supportive care only at his native place.
Discussion
Granulocytic sarcoma is a rare hematologic neoplasm is composed of primitive precursors of the granulocytic series which include myeloblasts, promyelocytes and myelocytes [5] . It is also called myeloblastoma, chloroma, chloroleukemia. The word 'chloros' referring to the green color exhibited by this lesion due to the presence of MPO (myeloperoxidase). Recently the term extramedullary myeloid tumour (EMMT) has been proposed to include all forms of extra myeloid leukemic infiltrates [3] . It is seen in 2.5-9% of patients with AML and five times less frequently in patients with CML [6] . Children are more frequently affected than adults: 60% of patients being younger than 15 years old. They virtually occur in all sites including skin, gums, lymph nodes, spine, orbit, intestine, mediastinum and bone [4] . CNS involvement takes the form of meningeal leukemia but true or primary granulocytic sarcoma of the CNS are exceedingly rare [7, 8] . Similarly granulocytic sarcoma of the mediastinum with chest wall involvement has not yet been reported.
Granulocytic sarcoma occur in a diverse range of clinical situations like acute leukemia, acute promyelocytic leukemia, myelodysplastic syndrome, chronic myeloid leukemia. However, rarely it can occur without any preexisting condition where it is called primary granulocytic sarcoma [4] . Primary granulocytic sarcoma presents as a diagnostic dilemma and even with a tissue biopsy, pathological misdiagnosis is frequently encountered. Yamauchi et al. revealed that 47% of granulocytic sarcoma pathologically being misdiagnosed as malignant lymphoma [9] . IHC staining using monoclonal antibodies against MPO, CD43 and CD117 is the mainstay of diagnosis. Both the cases reported here presented without any preexisting condition and stained positive for MPO, CD43 and CD 117. Besides, CD20 and CD3 were also done in these cases to exclude lymphoma.
Meningeal granulocytic sarcoma appear as extraaxial masses and are often dural based, mimicking features of meningioma. They are typically isodense to hyperdense on CT, hypo or isointense on T1 wt MR images and heterogeneously iso to hyperintense on T2 wt MR images [6, 10] . This may be associated with edema and mass effect as seen in case 1. Clinical situations of granulocytic sarcoma has been classified into four groups by Byrd et al.; i.e. (1) Primary granulocytic sarcoma, (2) Granulocytic sarcoma at presentation of AML, (3) Granulocytic sarcoma as isolated recurrence of AML (new isolated focus of granulocytic sarcoma that occurs during bone marrow remission and is not followed by medullary relapse in less than 30 days), (4) Granulocytic sarcoma with concurrent bone marrow relapse of AML [4] . Among these, primary granulocytic sarcoma is most uncommon, and our both cases are reported here as primary granulocytic sarcoma. Intra thoracic granulocytic sarcoma involving mediastinum is infrequent. Radiologically they appear as multiple nodules or large nodular opacities and are often thought to be malignant lymphomas [4] . However, mediastinal granulocytic sarcoma with involvement of the chest wall has not been reported so far.
Granulocytic sarcoma should always be considered a systemic disease rather than local phenomenon and should be treated as systemic disease. However, primary granulocytic sarcoma respond well to local treatment such as surgery or radiotherapy. Primary granulocytic sarcoma usually progress to AML within a year with a median survival of 22 months [11] . Therefore, systemic chemotherapy against leukemia should be utilized after completion of treatment of local condition. Conclusion Granulocytic sarcoma are rare hematological neoplasms due to extramedullary leukemic deposits of which primary granulocytic sarcoma are even rarer. They present as a diagnostic dilemma because of frequent pathological misdiagnosis. Tissue biopsy followed by IHC provides confirmatory evidence. Systemic therapy against leukemia should always be initiated after local treatment in cases of primary granulocytic sarcoma.
